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VWUHVVLVSURYLGHG 7KLVKHOSVLQSUHFLVHHYDOXDWLRQRISLWWLQJUHVLVWDQFHDVH[SODLQHGLQOLWHUDWXUH $WDQDVRYDNDDQG
1LNROLF
7KH ORDG GLVWULEXWLRQ LV RQH RI WKH SULPDU\ SDUDPHWHU WR EH HYDOXDWHG EHIRUH FDUU\LQJ WKH VWUHVV DQDO\VLV
5LVWLYRMHYLF HW DO  VWXGLHG WKH ORDG FDUU\LQJ FDSDFLW\ RI VSXU JHDU WRRWK IODQNV DQG GLVFXVVHG WKH ORDG
GLVWULEXWLRQ IDFWRURYHU WKH WRRWKIODQNV7KH\KDYHDOVRGHWHUPLQHG WKHFKDQJHRIFRQWDFWVWUHVVDORQJ WKH OLQHRI
FRQWDFWRI WKH VSXUJHDUSDLU1LNROLFDQG$WDQDVRYVND  KDYHDQDO\]HG WKHFRQWDFWVWUHVVRQPHVKHG WHHWK¶V
IODQNVDORQJWKHSDWKRIFRQWDFWXVLQJWKHRUHWLFDODQDO\VLVDQGILQLWHHOHPHQWPHWKRG)(07KHUHVXOWVVKRZHGWKDW
WKH)(0UHVXOWVPDWFKHGZHOOZLWKWKHWKHRUHWLFDODQDO\VLVDQGKHQFHWKH)(PRGHOFDQEHHPSOR\HGHIILFLHQWO\WR
HYDOXDWHWKHFRQWDFWVWUHVVHVLQDPHVKHGJHDUSDLU9DULRXVRWKHUZRUNV 3DWLO HWDO .OHHPRODDQG/HKWRYDDUD
 DQG $WDQDVRYDND HW DO  DOVR VKRZHG WKH PHWKRGV WR HYDOXDWH WKH FRQWDFW VWUHVVHV DORQJ WKH SDWK RI
FRQWDFW7KHFRQWDFW VWUHVVHYDOXDWLRQ LQDPHVKHGJHDUSDLUKDVEHHQ ODUJHO\FDUULHGRXWQHJOHFWLQJ WKH IULFWLRQDO
FRHIILFLHQW)HZUHVHDUFKHUVKDYHDWWHPSWHGWKHLQFOXVLRQRIIULFWLRQFRHIILFLHQWLQWKHFDOFXODWLRQRIFRQWDFWVWUHVVHV
9HOH[ HWDO  FDUULHGRXWDQH[SHULPHQWDO DQGQXPHULFDOLQYHVWLJDWLRQRQWKH LQIOXHQFHRIWRRWKIULFWLRQRQVSXU
DQG KHOLFDO JHDU G\QDPLFV 7KH\ QRWLFHG WKDW WKH WRRWK IULFWLRQ FRQWULEXWHV PRUH DW ORZPHGLXP VSHHGV DQG DUH
QHJOLJLEOHDWKLJKVSHHGV 9LMD\DUDQJDQDQG*DQHVDQ  ZRUNHGRQWKHFRQWDFWVWUHVVRIDSDLURIPDWLQJVSXU
JHDU XQGHU VWDWLF FRQGLWLRQV E\ XVLQJ ' )(0 DQG /DJUDQJLDQ PXOWLSOLHU WHFKQLTXH 7KH UHVXOWV RI WKH ZRUN
VKRZHGDLQFUHDVHLQWKHVWDWLFFRQWDFWVWUHVVZKHQWKHIULFWLRQFRHIILFLHQWZDVLQFUHDVHGIURPWR$VLPLODU
DSSURDFKKDVEHHQDGRSWHGLQWKLVSDSHUIRUD'VSXUJHDUSDLU
,QWKLVSDSHU WKHPDLQREMHFWLYHLVWRILQGWKHHIIHFWRIFRHIILFLHQWRIIULFWLRQRQFRQWDFWVWUHVVHVDORQJDOLQHRI
DFWLRQ RI D JHDU SDLU 7KH WKHRUHWLFDO DQG ILQLWH HOHPHQW DQDO\VLV ZDV FRQGXFWHG RQ D SDUWLFXODU JHDU SDLU 7KH
SDUWLFXODUVDQGVSHFLILFDWLRQVRIWKHJHDUSDLUDUH JLYHQLQ7DEOHDQGWKHPDWHULDOSURSHUWLHVRIWKHJHDUSDLUDUH
JLYHQLQ7DEOH7KHUHVXOWVRIWKHWKHRUHWLFDODQDO\VLVKDYHEHHQXVHGIRUWKHYDOLGDWLRQRI)(UHVXOWV)XUWKHUWKH
HIIHFWVRIFRHIILFLHQWRIIULFWLRQRQWKHFRQWDFWVWUHVVYDULDWLRQVKDYHEHHQIRXQGXVLQJWKHYHULILHG)(PRGHO
 7KHWKHRUHWLFDODQDO\VLV
 /RDGGLVWULEXWLRQLQPHVKHGJHDUV
7KHPDLQVWHSLQWKHDQDO\VLVRIWKHJHDUSDLUWHHWKLVWRGHWHUPLQHWKHORDGGLVWULEXWLRQRQWKHJHDUIODQNVGXULQJ
WKHJHDUPHVK7KHORDGGLVWULEXWLRQ RQJHDUWRRWKIODQNVGXULQJJHDUPHVKLVQRQXQLIRUP+HQFH WKHSLQLRQDQG
WKHJHDUDUHGLIIHUHQWO\HQJDJHGLQORDGWUDQVIHURIWKHJHDUSDLU7KHORDGGLVWULEXWLRQDORQJWKHSDWKRIFRQWDFWRQD
JHDUWRRWKIODQNLVUHSUHVHQWHGWKURXJKWKHIDFWRUVRIORDG GLVWULEXWLRQ)LJ 5LVWLYRMHYLF HWDO DQG 3HGUHUR HW
DO ,I Q WRRWKSDLUVDUHVLPXOWDQHRXVO\PHVKHGDQG LVWKHORDGWUDQVIHUUHGE\ [WK WRRWKSDLUWKHQWKHIDFWRU
RIORDGGLVWULEXWLRQFDQEHGHILQHGDV
ൌ  ൌ σ 
ZKHUH LVWKHORDGGLVWULEXWLRQIDFWRU LVWKHORDGWUDQVIHUUHGE\WKHREVHUYHGWRRWKSDLUDQG LVWKHWRWDOORDG
RQWKHJHDUSDLU7KHLQWHUYDORIORDGGLVWULEXWLRQIDFWRUYDOXHVLVJLYHQE\   
/RDG IDFWRUV WDNH LQWR FRQVLGHUDWLRQ WKH UHDOZRUNLQJ FRQGLWLRQV DQG WUDQVODWH WKHQRPLQDO ORDGYDOXH LQWR WKH
PD[LPXPORDGYDOXH7KHPD[LPXPORDGLVGHILQHGDVWKHPD[LPXPQRUPDOORDG RQWKHWRRWKIODQNVZKLFKLV
WKHUHVXOWRIWKHPD[LPXPWDQJHQWLDOORDG ሻLQDFFRUGDQFHZLWK
ൌ ൌ ൌ ൌ ൌ ൌ 
ZKHUH LV WKH DSSOLFDWLRQ IDFWRU LV WKH LQWHUQDO G\QDPLF IDFWRU LV WKH IDFWRU RI ORDG GLVWULEXWLRQ DPRQJ
PHVKHGJHDUSDLUV LV WKH IDFWRURI ORDGGLVWULEXWLRQRYHU WKHIDFHZLGWK  FRQVWDQWZLWK WKHDVVXPSWLRQ WKDW
WKHIRUFHSHUXQLWWRRWKZLGWKLVFRQVWDQWGXULQJWKHWRRWKPHVK
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7DEOH 6SHFLILFDWLRQVRIJHDUVHWV
1R 3DUDPHWHU 3LQLRQ *HDU
 1RRI7HHWK  
 1RUPDO0RGXOH  
 1RUPDO3UHVVXUH DQJOH GHJ  
 +HOL[DQJOHGHJ  
 3LWFK'LDPHWHUPP  
 )DFH:LGWKPP  
 &HQWUH'LVWDQFHPP 
 &RQWDFW5DWLR 
 7RUTXH1P 1P
 6SHHG USP USP
7DEOH0DWHULDOSURSHUWLHVRIWKHJHDUSDLU
1R 3DUDPHWHU 3LQLRQ *HDU
 0DWHULDO 6WUXFWXUDO6WHHO
6WUXFWXUDO
6WHHO
 0RGXOXV RI(ODVWLFLW\ *3D  
 3RLVVRQ¶VUDWLR  
 'HQVLW\ NJP  
)LJ  /RDGGLVWULEXWLRQIDFWRUDDORQJWKHSDWKRIFRQWDFWEUHSUHVHQWHGRQWKHJHDUWRRWKSURILOH
D E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 5DGLXVRIFXUYDWXUHRIPHVKHGWHHWK
,QWKHFDVHRILQYROXWHVSXUJHDUVWKHFXUYDWXUHV¶UDGLLRIWKHPHVKHGWHHWKDUHFRQWLQXRXVO\YDU\LQJGXULQJWKH
PHVKLQJSHULRGRIDWRRWKSDLULQDFFRUGDQFHZLWKWKHIROORZLQJH[SUHVVLRQ(TXDWLRQ
ൌ Ǥ 
7KHH[SUHVVLRQVWKDWFRUUHVSRQGWRWKHWRRWKIODQNV¶FRQWDFWDUHVKRZQLQ(TXDWLRQ
ൌ  ൌ ൌ Ǥ DQG ൌ  L  
 +HUW]LDQFRQWDFWVWUHVV
$FFRUGLQJWRWKH+HUW]FRQWDFWWKHRU\IRUWZRF\OLQGHUVLQFRQWDFW +HUW]DQG+DVVDQ WKHPD[LPXP
SUHVVXUHȡPD[LVUHSUHVHQWHGLQWKHIRUPVKRZQLQ(TXDWLRQ
ൌ
Ǥ
ൌ Ǥ Ǥ 
:KHQ WKH UHODWLRQV RI (TXDWLRQV    DUH LQWURGXFHG LQ (TXDWLRQ  WKHQ LW WDNHV D IRUP DSSOLFDEOH IRU WKH
FDOFXODWLRQRIPD[LPXP+HUW]LDQ FRQWDFW VWUHVVHV DW WKH UHJLRQRIPHVKLQJZLWKRXW VOLSSLQJ IRU VLQJOH WRRWKSDLU
PHVKLQJ
ൌ
Ǥ
Ǥ
Ǥ

ZKHUHȡLVWKHHTXLYDOHQWFXUYDWXUH¶VUDGLXVLQDFRQWDFWSRLQW
:LWK WKH DSSOLFDWLRQ RI(TXDWLRQV  DQG  LQ(TXDWLRQ  DQG DOVR E\ FRQVLGHULQJ WKH DFWLYH VWUHVV FDOFXODWLRQ
ZKLOHWKHFRQWDFWLVDWWKHSLWFKSRLQW &WKHFRQWDFW VWUHVVı+& FDQEHIRXQGDQGLVUHSUHVHQWHGDVLQ(TXDWLRQ
ൌ
Ǥ
Ǥ
Ǥ
Ǥ Ǥ
Ǥ

7KHUDWLRRIDFWLYHVWUHVVLQDQ\FRQWDFWSRLQW DQGDFWLYHVWUHVVIRUFRQWDFWDWWKHSLWFKSRLQW FDQ EHXVHG
WRPRQLWRUWKHFKDQJHRIDFWLYHVWUHVVRQWKHWRRWKIODQNV$IWHUDSSURSULDWHWUDQVIRUPDWLRQVWKHUDWLRFDQEHZULWWHQ
LQWKHIROORZLQJIRUP
ൌ Ǥ 
ZKHUH DQG DUHWKHORDGGLVWULEXWLRQIDFWRUVIRUPHVKHGJHDUVDWDQ\SRLQWDQGDWWKHSLWFKSRLQWUHVSHFWLYHO\
DQG LVWKHFXUYHUDGLXVIDFWRUDWDQ\SRLQWRQWKHOLQHRIFRQWDFW
7KH WKHRUHWLFDO FDOFXODWLRQ RI WKH DFWLYH FRQWDFW VWUHVV RQ WKH WRRWK IODQNV DORQJ WKH OLQH RI FRQWDFW KDV EHHQ
SORWWHGLQ)LJ7KHVHUHVXOWVZLOOODWHUEHXVHGIRUWKHYDOLGDWLRQRIWKH)($UHVXOWV
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)LJ $FWLYHFRQWDFWVWUHVVRQWRRWKIODQNV DORQJWKHOLQHRIFRQWDFW
 )LQLWHHOHPHQWPRGHORIJHDUSDLUV
3UHFLVH'FRQWDFWILQLWHHOHPHQWPRGHOZDVSUHSDUHGIRUWKHVHOHFWHGJHDUSDLU7KHGHWDLOHGVSHFLILFDWLRQRIWKH
JHDU SDLU LVPHQWLRQHG LQ7DEOH 7KHPDWHULDO XVHG IRU WKH JHDU SDLUZDV VWUXFWXUDO VWHHO DQG LWV SURSHUWLHV DUH
VKRZQLQ7DEOH7KHLQYROXWHJHDUSURILOHZDVJHQHUDWHGXVLQJDQ$16<6$3'/PDFUR7KHLQYROXWHSURILOHZDV
IXUWKHU XVHG WR FRPSOHWH WKH WRRWK IXOO SURILOH DQG WKHQ FRSLHG WKUHH WLPHV WR FUHDWH D WKUHHWRRWK VHJPHQW 7KH
VHJPHQWZDV WKHQ H[WUXGHG WR FUHDWH D WKUHH GLPHQVLRQDO SLQLRQ 6LPLODU VWHSV ZHUH IROORZHG WR FUHDWH WKH JHDU
ZKLFKFRPSOHWHGWKHJHDUSDLU7KHGLVFUHWL]DWLRQRIWKHJHDUPRGHOZDVGRQHXVLQJ62/,'$16<6DQ
HLJKWQRGHG EULFNILQLWHHOHPHQWZLWKRXWPLGVLGHQRGHVVXLWDEOHIRUGHWHUPLQDWLRQRIVWUHVVVWUDLQDQGGHIRUPDWLRQ
ZLWKRSWLPXPXWLOL]DWLRQRIFRPSXWLQJWLPHDQGUHVRXUFHV
7KHPHVKHGPRGHORIWKHJHDUSDLUDORQJZLWKWKHLUERXQGDU\FRQGLWLRQVIRUDOOFKDUDFWHULVWLFFRQWDFWSRLQWVDUH
VKRZQLQ)LJ7KHILUVWFRQWDFWSRLQWLV $ SRLQWRIFKDQJHIURPSHULRGRIWZRWRRWKSDLUVLQFRQWDFWWRVLQJOHWRRWK
SDLUSHULRGLV % SLWFK SRLQWFRQWDFWLVSRLQW & 7KHSRLQWRIFKDQJHIURPVLQJOHWRRWKSDLUFRQWDFWSHULRGWRWZRWRRWK
SDLULQFRQWDFWLV ' DQGWKHODVWFRQWDFWSRLQWLV ( 7KH FRQWDFWERXQGDU\FRQGLWLRQEHWZHHQWKHJHDUSDLUKDVEHHQ
PRGHOHGXVLQJ&217$DQG7$5*(HOHPHQWW\SHV$16<67KHFRHIILFLHQWRIIULFWLRQEHWZHHQWKH
FRQWDFWVZDV YDULHG LQ WKH LQWHUHVW UDQJHRI  WR/DJUDQJLDQPXOWLSOLHU DOJRULWKPZDV FKRVHQ IRU VROYLQJ WKH
QRQOLQHDUFRQWDFWSUREOHP
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)LJ0HVKHGPRGHOVDORQJZLWKERXQGDU\FRQGLWLRQVDWDSRLQW $ESRLQW %FSRLQW &GSRLQW 'HSRLQW (
 5HVXOWVDQGGLVFXVVLRQ
 9DOLGDWLRQRIWKHPRGHO
7KH SUHVHQWHG )( PRGHO XVHG WR FDOFXODWH WKH FRQWDFW VWUHVV DORQJ WKH OLQH RI FRQWDFW ZDV YDOLGDWHG E\ WKH
WKHRUHWLFDODQDO\VLVZKLFKZDVEDVHGRQ+HUW]LDQWKHRU\RIWZRF\OLQGHUFRQWDFWV7KHWKHRUHWLFDOUHVXOWVLQ)LJ
ZHUHXVHGIRUWKHYDOLGDWLRQ7KH)(FDOFXODWLRQZDVGRQHRQWKHWRRWKSDLU FRQWDFWPRGHOVDVVKRZQLQ )LJ DQG
WKH YRQ0LVHV HTXLYDOHQW VWUHVV ILHOGV DUH JLYHQ LQ )LJ  7KH HTXLYDOHQW VWUHVV GLVWULEXWLRQ DW WKH FKDUDFWHULVWLF
SRLQWVRIWKHPHVKHGJHDUSDLUFDQEHREVHUYHG7KHPD[LPXPVWUHVVSRLQWVLQHDFKGLDJUDPDUHUHSUHVHQWHGE\WKH
UHGFRORUDQGLWVYDOXHVDUHHDVLO\UHDGDEOHIURPWKHVFDOHVKRZQEHORZHDFKGLDJUDP7KHPRGHOGHVFULEHGLQWKLV
SDSHUFRUUHVSRQGVWRWKHLGHDOJHDUVRWKHVH)(UHVXOWVFDQEHFRPSDUHGZLWKWKHWKHRUHWLFDOUHVXOWV)LJVKRZVD
FRPSDULVRQRIUHODWLYHFRQWDFWVWUHVVDORQJWKHOLQHRIFRQWDFWEHWZHHQ)(PRGHOUHVXOWVDQGWKHWKHRUHWLFDOUHVXOWV
7KHFKDUDFWHULVWLFSRLQWFRQWDFWVZHUHVHOHFWHGDQGWKHLUFRUUHVSRQGLQJYDOXHVZHUHSORWWHGEHFDXVHFDOFXODWLRQRI
YDOXHVFRUUHVSRQGLQJWRHYHU\SRLQWRIFRQWDFW LV WHGLRXVDQGZRXOGEHWLPHFRQVXPLQJ)LJVKRZV WKDWDJRRG
OHYHORIFRLQFLGHQFHH[LVWVEHWZHHQWKH)(PRGHOUHVXOWVDQGWKHUHVXOWVREWDLQHGIURPWKHRUHWLFDODQDO\VLV
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)LJYRQ0LVHV¶HTXLYDOHQWFRQWDFWVWUHVVILHOGVDWDSRLQW $ESRLQW %FSRLQW &GSRLQW 'HSRLQW (
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)LJ 7KHFKDQJHRIUHODWLYHFRQWDFWVWUHVVDORQJWKHOLQHRIFRQWDFW
 (IIHFWRIFRHIILFLHQWRIIULFWLRQRQFRQWDFWVWUHVVJHDUVRIVDPHVL]H
7KHYDOLGDWHG)(PRGHOLVIXUWKHUXWLOL]HGWRDQDO\]HWKHFRQWDFWVWUHVVHVIRUGLIIHUHQWFRHIILFLHQWRIIULFWLRQ7KH
HYDOXDWLRQ RI WKH DFWLYH FRQWDFW VWUHVV RQ WKH WRRWK IODQNV RI D PHVKHG JHDU ZHUH FRQGXFWHG E\ YDU\LQJ WKH
FRHIILFLHQWRIIULFWLRQIURPWR7KHUHVXOWVRIWKHDQDO\VLVIRUGLIIHUHQWFRHIILFLHQWRIIULFWLRQVDUHDVVKRZQLQ
)LJ,W ZDVREVHUYHGWKDWWKHFRQWDFWVWUHVVYDOXHLQFUHDVHGDVWKHFRHIILFLHQWRIIULFWLRQYDOXHLQFUHDVHGIURPWR
'XH WR IULFWLRQ WKH VWUHVVHV DW WKH SRLQW RI FRQWDFW LQFUHDVHG DQG KHQFH WKLV SURYLGHVZLWK D SRVVLELOLW\ RI D
IULFWLRQ IDFWRU .I WREH LQFOXGHGZKLOHFDOFXODWLQJ WKHFRQWDFWVWUHVVHV LQPHVKHGJHDUV7KHFRQWDFWVWUHVVHV ULVH
DQGIRUDQHTXLYDOHQWFRHIILFLHQWRIIULFWLRQYDOXHRIDQGUHVSHFWLYHO\7KHSDUDPHWULF
VWXG\RQGLIIHUHQWJHDUVHWVZRXOG\LHOGDQDSSURSULDWHIDFWRULDO YDOXHWREHLQFRUSRUDWHGZKLOHFDOFXODWLQJWKHDFWLYH
FRQWDFWVWUHVVHV
)LJ7KHPD[LPXPFRQWDFWVWUHVVDORQJWKHOLQHRIFRQWDFWIRUGLIIHUHQWFRHIILFLHQWRIIULFWLRQ
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 &RQFOXVLRQ
%DVHGRQWKHWKHRUHWLFDODQG)(DQDO\VLVFRQGXFWHGLQWKHSUHVHQW SDSHUIROORZLQJFRQFOXVLRQVFDQEHREWDLQHG
x 7KH SUHVHQWHG)(PRGHO UHVXOWV KDYH D KLJK GHJUHH RI FRLQFLGHQFHZLWK WKH WKHRUHWLFDO UHVXOWV KHQFH WKH
PRGHOSURYHGWREHVXLWDEOHLQWKHDQDO\VLVRIDFWLYHFRQWDFWVWUHVVHVRQWKHWRRWKIODQNVRIDJHDUSDLU
x 7KHFRQWDFWVWUHVVFDOFXODWHG IRUGLIIHUHQWFRHIILFLHQWRI IULFWLRQVKRZHG WKDW WKHFRQWDFWVWUHVVHV LQFUHDVHG
ZLWK WKH LQFUHDVLQJYDOXHRI VWDWLFFRHIILFLHQWRI IULFWLRQ$ULVHKDVEHHQREVHUYHGZKHQ WKH IULFWLRQ
FRHIILFLHQWYDOXHZDVLQFUHDVHGIURP WR
x 7KHLQFUHDVHLQWKHFRQWDFWVWUHVVHVZLWKWKHLQFUHDVHLQIULFWLRQFRHIILFLHQWSURYLGHVZLWKDQLGHDRIIULFWLRQ
IDFWRUWREHLQFRUSRUDWHGZKLOHFDOFXODWLQJWKHFRQWDFWVWUHVVLQPHVKHGJHDUV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN8QLYHUVLWL7HNQRORJL3(7521$6IRUWKHIDFLOLWLHVV\VWHPVXSSRUWDQGILQDQFLDO
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
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